ABSTRACT. We isolated two TATA-binding protein-associated factor (TAF) genes, TAF10 and TAF13, from pepper (Capsicum annuum). The complete coding sequences were amplified using reverse transcriptase-PCR on the basis of conserved sequence information of eggplant and several other plant species. Nucleotide sequence analysis of these two genes revealed that the pepper TAF10 gene encodes a protein of 103 amino acids that belongs to the TAF10 superfamily. The pepper TAF10 gene was highly expressed in the pericarp and placenta, moderately expressed in the stems, flowers, seeds and leaves, and weakly expressed in roots. The TAF13 gene was found to encode a protein of 130 amino acids that belongs to the TAF13 superfamily. The TAF13 gene was highly expressed in the stems, flowers and pericarp, moderately expressed in the leaves, placenta and seeds, and weakly expressed in roots.
INTRODUCTION
The first step of gene expression is transcription, and this step can be strictly regulated to ensure appropriate levels of the gene product (Sawadogo and Sentenac, 1990; Orphanides et al., 1996) . It is critical for a complete understand ing of gene regulation to know which factors work together to achieve correct regulation of transcription (Woychik et al., 1990; Young, 1991) . Pre-mRNA synthesis involves a series of transcription preinitiation complex, which comprises the general transcription factors and RNAP II on the promoter. Pre-initiation complex includes the class II transcription factors (TFII) that include TFII-A, TFII-B, TFII-D, TFII-E, TFII-F, and TFII-H (Chiang and Roeder, 1995; Hampsey, 1998) .
TFII-D plays a critical role in transcription initiation. TFI-D is a multiprotein complex composed of the TATA-binding protein (TBP) and a series of evolutionarily conserved TBP-associated factors (TAFIIs) (Samuels et al., 1982; Conaway et al., 1990; Tora, 2002) . TBP specifically binds to the TATA element (Kao et al., 1990; Peterson et al., 1990) .
TAFIIs are involved in promoter recognition and act as specific transcriptional coactivators in vitro and transfected mammalian cells Tjian, 1990, 1991; Sharp, 1992; Burley and Roeder, 1996) .
In recent years, TAFs have been intensively studied. TAFs have been identified and analyzed in many organisms such as Saccharomyces cerevisiae, Schizosaccharomyces pombe, Caenorhabditis elegans, Drosophila melanogaster, and Homo sapiens, and initial results have shown strong conservation (Tora, 2002) .
Biochemical experiments and X-ray crystallography have revealed that a subset of TAFs contain the histone fold domain, a sequence motif homologous to a motif found on histones (Birck et al., 1998) . The histone fold-containing TAFs form heterodimers, such as TAF6/9, TAF4/12, TAF8/10, TAF3/10, and TAF11/13 (Gangloff et al., 2001) .
TAF10 is associated with a subset of TFIID complexes. Studies in human and mammalian cells have shown that this subunit is required for transcriptional activation by the estrogen receptor, for progression through the cell cycle, and may also be required for certain cell differentiation programs (Jacq et al., 1994; Collazo et al., 2005) .
TAF13 is one of several TAFs that bind TBP and is involved in forming the TFIID complex (Meyers and Sharp, 1993) .
In our study, two novel pepper genes, TAF10 and TAF13, were isolated from pepper (Capsicum annuum L.), and their expression patterns were determined. This provides preliminary information for further understanding the biochemical functions of TAF10 and TAF13 in C. annuum L.
MATERIAL AND METHODS

Sample collection
All plants were obtained from the College of Horticulture and Landscape, Yunnan Agricultural University. Pepper tissues (root, stem, leaf, flower, pericarp, placenta, and seed) were instantly frozen in liquid nitrogen and stored at -80°C before use.
Total RNA extraction and first-strand cDNA synthesis Total RNA from pepper was extracted with Trizol (TaKaRa, China), and cDNA was synthesized with the High Fidelity PrimeScript RT-PCR kit (TaKaRa, China) according to the manufacturer protocol.
PCR amplification
PCR was performed to isolate the pepper genes from pooled cDNAs from different tissues. Reactions were performed as described previously (Deng et al., 2012; Huo et al., 2012) . The PCR program of the TAF10 and TAF13 genes consisted of 94°C for 3 min, followed by 34 cycles of 94°C for 30 s, 55°C for 30 s and 72°C for 2 min, and a final extension at 72°C for 10 min and 4°C hold.
The mRNA and amino acid sequences for TAF10 and TAF13 from various plant species archived at the National Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov) were used to locate conserved regions by multiple sequence alignment with CLUSTALW 1.8. The following primers were designed: TAF10-F: 5'-AGATGATGCTGCACTCGC-3', TAF10-R: 5'-TCTATCAACGGTGGAAAC-3'; TAF13-F: 5'-GGATACCCTAATCTTCGC-3', TAF13-R: 5'-GTCCTATTCTGCCGCTCA-3'.
Reverse transcriptase (RT)-PCR expression profile
RT-PCR primers for pepper TAF10 and TAF13 used for expression profile analysis were the same as those used for PCR. PCR was optimized to ensure sufficient product intensity within the linear phase of amplification.
Bioinformatics
PCR amplification was repeated 5 times. Amplification products were cloned into pMD18-T (TaKaRa) and bidirectionally sequenced. At least 10 independent clones were sequenced for each PCR product. Sequencing data were edited and aligned in DNASTAR (DNAStar Inc., USA). cDNA sequences were predicted with GenScan (http://genes.mit.edu/ GENSCAN.html).
Putative protein theoretical molecular weight (Mw), isoelectric point (pI), amino acid composition, atomic composition, extinction coefficients, estimated half-life, instability index, aliphatic index, grand average of hydropathicity (GRAVY) were predicted with ProtParam (http://web.expasy.org/protparam/). Signal peptide, subcellular localization, membrane-spanning regions, and PFAM domains were identified with the SignalP 4.0 server (http://www. cbs.dtu.dk/services/SignalP/), PSort (http://psort.hgc.jp/), TMpred (http://www.ch.embnet. org/software/TMPRED_form.html), and SMART (http://smart.embl-heidelberg.de). The BLASTP program and Conserved Domain Architecture Retrieval Tool were used to search for similar proteins and conserved domains (http://www.ncbi.nlm.nih.gov/Blast). Alignment of the nucleotide sequences and deduced amino acid sequences was performed with ClustalX, and phylogenetic trees were constructed in ClustalX and Mega 4.0 with standard parameters. Secondary structures of deduced amino acid sequences were predicted in SOPMA (http:// npsa-pbil.ibcp.fr/). The 3-D structures were predicted based on existing 3-D structures derived from amino acid homology modeling on Swiss Server (http://swissmodel.expasy.org/).
RESULTS
RT-PCR of pepper TAF10 and TAF13
RT-PCR with pooled tissue cDNAs for pepper TAF10 and TAF13 genes yielded products of 565 and 529 bp (Figure 1) . cDNA nucleotide sequence analysis revealed that the genes are not homologous to any known pepper genes. Sequence prediction showed that the 565-and 529-bp cDNAs represent 2 genes that encode 103-and 130-amino acid proteins, respectively.
Protein properties
The complete coding sequences (CDS) and the encoded amino acids are presented in Figures 2 and 3 .
Putative protein Mw, pI, amino acid composition, atomic composition, extinction coefficients, estimated half-life, instability index, aliphatic index, and GRAVY were computed.
pI of the putative proteins was 8.46 and 5.73, Mw was 11,709 and 14,605 Da, total number of negatively charged residues (Asp + Glu) was 15 and 22, and total number of positively charged residues (Arg + Lys) was 17 and 20, respectively. Formulas were C 510 H 820 N 150 O 156 S 5 and C 632 H 1028 N 180 O 202 S 7 , total number of atoms was 1641 and 2049, extinction coefficient (assuming that all pairs of Cys residues form cystines) was 10,095 and 2980, extinction coefficient (assuming that all Cys residues are reduced) was 9970 and 2980, estimated half-life (mammalian reticulocytes, in vitro) was 30 h, instability index was 46.10 and 48.29, indicating unstable, aliphatic index was 77.67 and 75.77, and GRAVY was -0.621 and -0.617, respectively. The putative TAF10 and TAF13 proteins were also analyzed. The TAF10-conserved domains were identified as low-complexity regions (positions 52 to 63) and TAF10 superfamily. TAF13-conserved domains were identified as coiled-coil region (positions 100 to 128) and TAF13 superfamily.
The results of secondary structure prediction showed that the deduced pepper TAF10 protein contained 43.7% alpha helices, 8.7% extended strands, 5.8% beta turns, and 41.7% random coils. Deduced pepper TAF13 protein contained 56.9% alpha helices, 5.4% extended strands, 2.3% beta turns, and 35.4% random coils.
The pepper TAF10 and TAF13 genes did not contain putative signal peptides (Bendtsen et al., 2004; Deng et al., 2009 ) and were not potential membrane proteins (Moller et al., 2001) . Pepper TAF10 was probably located with 55% likelihood in the endoplasmic reticulum and TAF13 was probably located with 30% likelihood in the nucleus (Nakai and Horton, 1999) .
Homology modeling
The 3-D structure of TAF13 (30 to 74) was based on template 1bh9A (2.60 A) with 51.11% sequence identity; no suitable templates were found to predict the 3-D structure of TAF10 (Guex and Peitsch, 1997; Schwede et al., 2003; Arnold et al., 2006; Yu et al., 2010) . The 3-D structure analysis may provide a basis for understanding the relationship between structure and function of TAF13.
Sequence analysis and evolutionary relationships
The homology of the pepper TAF10 gene was determined and analyzed. The results showed that the pepper TAF10 protein had high homology with this protein of four other plant species (Figure 4) . TAF13 shared homology with the TAF13 protein in the species shown in Figure 5 . Novel Capsicum annuum genes TAF10 and TAF13 Phylogenetic trees were constructed on the basis of the alignments as shown in Figure  6 . Pepper TAF10 and TAF13 genes were most closely related to TAF10 and TAF13 of eggplant. 
Tissue expression
The pepper TAF10 gene was highly expressed in the pericarp and placenta, moder-ately expressed in the stems, flowers, seeds, and leaves, and weakly expressed in roots ( Figure  7) . The TAF13 gene was highly expressed in the stems, flowers and pericarp, moderately expressed in the leaves, placenta and seeds and weakly expressed in roots. 
DISCUSSION
Comparative genomics determines the relationship of genome structure and function of different species (Hardison, 2003) . Several researchers have learned that TAF10 or TAF13 proteins from different species are highly conserved (Moqtaderi et al., 1996; Martinez et al., 1998; Mohan Jr. et al., 2003; Indra et al., 2005; Soutoglou et al., 2005) . Therefore, we can use eggplant as a model organism to study the pepper TAF10 and TAF13 or use pepper as a model organism to study the tomato, potato or tobacco TAF10 and TAF13 genes.
In this study, pepper TAF10 and TAF13 genes were isolated and characterized. Many genes encoding TAF10 and TAF13 from several plant species have been isolated and characterized at the genetic, chemical, and enzymological levels (Moqtaderi et al., 1996; Birck et al., 1998; Martinez et al., 1998; Kouskouti et al., 2004; Indra et al., 2005; Soutoglou et al., 2005) . However, cloning of the TAF10 and TAF13 genes from pepper has not been previously reported. This study verifies for the first time the presence of TAF10 and TAF13 in pepper.
The isolated TAF10 cDNA was 312 bp long and encoded 103 amino acids. Our com-parison of its amino acid sequence showed high homology to eggplant, soybean, grape, and castor-oil plant. The isolated TAF13 cDNA was 393 bp long and encoded 130 amino acids. Sequence analysis revealed that the pepper TAF13 has high homology with the proteins of 3 species -eggplant, grape and soybean. From the alignment analyses for pepper TAF10 and TAF13 proteins, we also found that pepper TAF10 and TAF13 proteins did not show complete identity with eggplant or other plants. This implied that pepper TAF10 and TAF13 genes have some different functions compared to eggplant and other plants.
In this study, we not only cloned the CDS sequences of the pepper TAF10 and TAF13 genes but also performed a sequence analysis and determined the tissue expression profile. The tissue expression profile analysis indicated that the genes were obviously differentially expressed in various tissues. Since we did not study functions at the protein level, we did not look into the many possible reasons for differential expression of these pepper genes. The suitable explanation for this under current conditions is that the biological activities associated with the functions of the genes were required to a different extent in different tissues at the same time.
In summary, we first isolated the pepper TAF10 and TAF13 genes and performed necessary functional analysis and tissue expression profile analysis. The cDNA clone, sequence information and functional analysis of the pepper TAF10 and TAF13 genes will be extremely important in elucidating the molecular mechanism of gene expression.
